Mori Cortex Radicis (MCR, Moraceae) is used traditionally in the treatment of jaundice, hematemesis, edema, and pollakisuria in Korea. In this study, the antiinflammatory effects of MCR extract were investigated using RAW 264.7 cells. The simultaneous analysis of five components present (neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid, caffeic acid, and p-coumaric acid) in the MCR extract was performed using high-performance liquid chromatography (HPLC) coupled with photodiode array (PDA) detection. We determined the effects of MCR extract and its components on the production of nitric oxide (NO), prostaglandin E 2 (PGE 2 ), and mRNA expression of cyclooxygenase-2 (COX-2) in RAW 264.7 cells. MCR extract suppressed the production of NO and PGE 2 in RAW 264.7 cells in a dose-dependent manner. None of the five components of the MCR extract had any influence on the production of NO. However, caffeic acid and p-coumaric acid inhibited the production of PGE 2 and mRNA expression of COX-2 in RAW 264.7 cells. Our results suggest that MCR extract may offer potential as a therapeutic agent for the treatment of inflammation. The method we have established will help to improve the quality control of MCR extracts.
Inflammation is a complex process regulated by a cascade of cytokines, growth factors, nitric oxide (NO), and prostaglandins produced by activated macrophages. Activated macrophages play an important role in inflammatory diseases via production of NO and prostaglandin E 2 (PGE 2 ) [1] . Following exposure to immune stimulants, including bacterial toxins, such as lipopolysaccharide (LPS) and lipoteichoic acid, the production of these mediators from macrophages has been found in many inflammatory tissues along with the increased expressions of relevant mRNAs [2, 3] . Overproduction of these inflammatory mediators is an important factor in the pathogenesis of several diseases, such as rheumatoid arthritis, atherosclerosis, asthma, pulmonary fibrosis, and cancer [4] . Thus, the inhibition of the production of these inflammatory mediators may prevent or suppress various inflammatory diseases.
The Mori Cortex Radicis (MCR) is derived from the root bark of Morus alba L. (Moraceae). It is widely distributed in Korea, Japan and China [5] . It has long been used in traditional medicine for treating jaundice, hematemesis, edema, and pollakisuria [5] . Phytochemical studies of the Morus alba have identified flavonoids [6] [7] [8] [9] [10] [11] , polyphenolic compounds [12-13b] , tannins [7,13c] , stilbene glycosides [14] , terpenoids [15a,15b] and chalcone derivatives [16] . The biological activities of MCR have variously shown antiasthmatic [17] , anti-oxidant [18a] , anti-hypolipidemic [13b,18a], anti-bacterial [13c], and anti-viral [8] effects. Nevertheless, the antiinflammatory effect of MCR has not been clearly demonstrated in experimental studies. Therefore, we investigated the antiinflammatory effect of MCR extract and some of its components on the production of NO and PGE 2 , and the expression of cyclooxygenase-2 (COX-2) in RAW 264.7 macrophages activated by LPS. Moreover, we carried out the simultaneous determination of five components, phenylpropanoids, neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid, caffeic acid, and p-coumaric acid for quality control of MCR using high-performance liquid chromatography (HPLC) coupled with a photodiode array (PDA) detector.
A newly established HPLC method was applied to simultaneously analyze the quantities of five phenylpropanoids in the MCR extract. Consequently, five components were eluted within 35 min when using the two mobile phases consisting of 1.0% (v/v) aqueous acetic acid (A) and 1.0% (v/v) acetic acid in acetonitrile (B), using gradient elution. Each compound in the resulting chromatogram was identified by comparing the retention times, UV spectra, and coinjection compared with the standards. The retention times of neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid, caffeic acid, and p-coumaric acid were 7.34, 11.54, 12.87, 13.68, and 17.35 min, respectively. The UV absorbance of the five compounds was recorded at 320 nm and compared with that of the standards. The linearity regression equation (y = ax + b) was calculated between peak area (y) and concentration (x, g/mL) of the five reference compounds. Table 1 summarizes the linearity, range, LOD, and LOQ. The square of the correlation coefficients (r 2 ) of the calibration curves for the five constituents were all ≥ 0.9999 confirming excellent linearity. The results showed that the calibration curve gave good linearity over the concentration range 0.31-20.00 g/mL. The LODs and LOQs for the five tested reference phenylpropanoids were 12.23-61.46 ng/mL and 40.76-204.87 ng/mL, respectively. Neochlorogenic acid (1), chlorogenic acid (2), cryptochlorogenic acid (3), caffeic acid (4), and p-coumaric acid (5). a y: peak area (mAU) of compounds; x: concentration (g/mL) of compounds.
The optimized HPLC analytical method was applied to simultaneously determine the five components in the MCR extract. The amounts of neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid, caffeic acid and p-coumaric acid were 1.26, 0.87, 1.40, 0.15, and 0.50 mg/g, respectively ( Table 2) . Among these compounds, neochlorogenic acid, chlorogenic acid and cryptochlorogenic acid were detected as the major components. Neochlorogenic acid (1), chlorogenic acid (2), cryptochlorogenic acid (3), caffeic acid (4), and p-coumaric acid (5).
To determine the cytotoxicity of the test materials in RAW 264.7 cells, the cells were exposed to various concentrations of the MCR extracts and its components for 24 h. Nontoxic concentrations of the test materials were used for subsequent experiments (Figure 1 ). To determine the effects of MCR extract on LPS stimulated NO and PGE 2 production, RAW 264.7 cells were treated with different concentrations of MCR extract (6.25, 12.5, 25, and 50 g/mL) and then stimulated with LPS (1 g/mL) for 24 h. MCR extract suppressed LPS stimulated NO production in a dose-dependent manner (Figure 2A ). LPS-stimulated NO production by RAW 264.7 cells (19.12  0.21 nM). By contrast, MCR extract decreased NO production to 15.1  0.19 nM (P < 0.01) and 12.35  0.27 nM (P < 0.01) at 25 and 50 g/mL, respectively. The NO inhibitor, L-N Gmonomethyl arginine (L-NMMA), as a positive control, also inhibited the production of NO in activated RAW 264.7 cells. PGE 2 production was higher in LPS-stimulated RAW 264.7 cells than in untreated control cells, while the MCR extract inhibited PGE 2 production in a dose-dependent manner ( Figure 2B ).
Next, we evaluated the five components of the MCR extract of the NO and PGE2 in RAW 264.7 cells. However, the five components of the MCR extract did not show any influence on the production of NO ( Figure 3A) . The effects of components of MCR extract on the production of PGE 2 were examined in RAW 264.7 cells activated with LPS. As shown in Figure 3B , LPS alone stimulated RAW 264.7 cells to secrete large amounts of PGE 2 . Among the five components of the MCR extract, caffeic acid and p-coumaric acid inhibited PGE 2 production in a dose-dependent manner. However, the other components examined did not significantly reduce the production of PGE 2 in the LPS-stimulated cells. To investigate the mechanism of the inhibition of PGE 2 secretion by the five components of the MCR extract, the expression of COX-2 mRNA level in the RAW 264.7 cells stimulated with LPS was examined. As shown Figure 4 , LPS alone induced a high level of COX-2 expression in the RAW 264.7 cells stimulated with LPS. However, COX-2 expression was higher in LPS-stimulated RAW 264.7 cells than in untreated control cells, while MCR extract inhibited COX-2 expression. Among the five components of the MCR extract, the treatment with caffeic acid and p-coumaric acid inhibited the LPS-stimulated COX-2 expression in a dosedependent manner. Mori Cortex Radicis has been prescribed to treat asthmatic symptoms and help to eliminate sputum in oriental pharmacology, but the anti-inflammatory effect of the herb is not defined. The present study investigated the concentration of five components in a sample of MCR and their anti-inflammatory effects on the production of inflammatory mediators by macrophage. We have successfully established a simple and convenient HPLC-PDA analysis method for the simultaneous determination of the five compounds in the MCR extract. The analytical results showed good separation of the components in the MCR extract. Using optimized HPLC conditions, five compounds were eluted within 20 min, and showed resolution better than 1.6 and good specificity ( 1.09) in sample analysis. Among these components, neochlorogenic acid, chlorogenic acid, and cryptochlorogenic acid are the main compounds, in amounts of 1.26 mg/g, 0.87 mg/g, and 1.40 mg/g, compared with caffeic acid (0.15 mg/g) and p-coumaric acid (0.50 mg/g) in MCR extract.
HPLC
Inflammation involves multiple processes, which are activated by inflammatory or immune cells. Macrophages play a central role in managing many different immune pathological phenomena such as the over-production of pro-inflammatory cytokines and inflammatory mediators [18b]. During the progress of inflammation, macrophages actively participate in inflammatory responses by releasing the pro-inflammatory cytokines, as well as other inflammatory factors, such as NO and PGE 2 that recruit additional immune cells to the sites of infection [19a] . NO and PGE 2 , which are produced by inducible nitric oxide synthase (iNOS) and COX-2, respectively, have been implicated as important mediators under endotoxemia and inflammatory conditions [19b] . During inflammation, the increased production of NO has been shown to be the cause of mutations and DNA damage [19a] . PGE 2 , like NO, is a pleiotropic mediator produced at inflammatory sites by COX-2, which gives rise to pain, swelling and stiffness [19b] . We have shown that the MCR extract reduced the level of NO and PGE 2 in LPS-stimulated RAW 264.7 cells in a dose-dependent manner. Furthermore, among the five components of MCR extract, caffeic acid and p-coumaric acid inhibited PGE 2 production in a dose-dependent manner. These results suggest that MCR extract effectively suppresses inflammatory responses. COX is an enzyme that converts arachidonic acid to prostaglandins [20] . As in the case of NOS, two isoforms of COX have been found: COX-1 and COX-2. COX-2 is induced by several stimuli, including growth factors, mitogens, cytokines, and tumor promoters. It is responsible for the production of large amounts of pro-inflammatory prostaglandins at the site of inflammation, and its uncontrolled activity is thought to play an important role in the pathogenesis of inflammatory diseases [21] . We found that the MCR extract inhibits expression of the COX-2 mRNA level in LPS-stimulated RAW 264.7 cells. Futhermore, caffeic acid and p-coumaric acid inhibits expression of COX-2.
In conclusion, an HPLC method for the simultaneous determination of the five marker compounds, neochlorogenic acid, chlorogenic acid, cryptochlorogenic acid, caffeic acid, and p-coumaric acid in MCR extract was established. The analytical method will help to improve quality control of MCR extract. Furthermore, this study demonstrates the anti-inflammatory effect on RAW 264.7 cells of MCR extract, suggesting that it may be possible to use this herbal medicine as an adjuvant agent for the treatment of inflammation. 
Experimental

Reagents and materials:
Preparation of MCR extract and sample solutions:
Dried MCR (200 g) was extracted three times with 70% ethanol (2 L) by sonication for 60 min. The extracted solution was filtered through filter paper, evaporated at 60°C using EYELA N-100 rotary evaporator (Tokyo, Japan) to dryness and freeze-dried. The yield of the freeze-dried 70% ethanol extract obtained was 11.35 g (5.68%).
For the HPLC analysis of MCR compounds, the 70% ethanol extract (20 mg) was dissolved in 10 ml of 70% ethanol and extracted by sonication for 30 min. The solution was filtered through a membrane filter (0.2 m) before HPLC injection.
